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ABSTRACT Germline chimeric chickens were 
produced by transfer of primordial germ cells from White 
Leghorn to Barred Plymouth Rock, and vice versa. Blood 
was collected from stage 13-15 embryos and primordial 
germ cells were concentrated by Ficoll density gradient 
centrifugation. Approximately 200 primordial germ cells 
were injected into the bloodstream through the dorsal 
aorta of stage 14-15 recipient embryos from which blood 
had been drawn via the dorsal aorta prior to the injection. 
Intact embryos were also prepared as recipients for White 
Leghorns only. The manipulated embryos were cultured in 
recipient eggshells until hatching. Germline chimerism of 
the chickens reaching maturity was examined by mating 
them with Barred Plymouth Rocks and donor-derived off- 
spring were identified based on their feather color. The 
efficiency of production of germline chimeras was 95% 
(19/20). When primordial germ cells were transferred from 
White Leghorn to Barred Plymouth Rock, the average fre- 
quency of donor-derived offspring was 81% for three male 
chimeras (96% for one female chimera), and it was -3.5 
times higher for transfer in the opposite direction (23% for 
6 male chimeras). Removing blood from recipient embryos 
prior to primordial germ cell injection enhanced the fre- 
quency of donor-derived offspring by 10% in resulting male 
chimeras. Male chimeras produced donor-derived off- 
spring more frequently (-3.8 times) than female chimeras. 
Increases, decreases, or no changes were observed in the 
frequency of donor-derived offspring from the germline 
chimeras with increasing age. Male to female ratio of the 
offspring derived from the donor primordial germ cells did 
not deviate significantly in male and female chimeras, sug- 
gesting that primordial germ cells that have different sex 
from recipient embryos could not differentiate into func- 
tional gametes. The technique for primordial germ cell 
transfer employed in this experiment is simple to perform 
and resulted in the efficient production of germline chime- 
ras with high transmission rates of donor-derived gametes. 
"This system provides a powerful tool for avian embryo 
manipulation. © 1994 wiiey-Liss. inc. 
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INTRODUCTION 
Primordial germ cells (PGCs) are progenitors of ova 
and spermatozoa. Avian PGCs originate from the epi- 
blast (Eyal-Giladi et al., 1981) and gradually move to 
the lower layer during the early stages of primitive 
streak formation (Sutasurya et al., 1983). They then 
appear in the hypoblast layer of the germinal crescent 
region (Swift, 1914; Clawson and Domm, 1969). Subse- 
quently, they enter the developing^bteod vascular sys- 
tem and circulate temporarily throughout the embryo 
(Swift, 1914; Fujimoto et al., 1976). Finally, they mi- 
grate into the germinal ridge (Meyer, 1964; Kuwana, 
1993) and differentiate into ova or spermatozoa. 

Manipulation of the PGCs, such as by gene transfer, 
could ensure the transmission of genetic modifications 
to the next generation. Although the production of 
transgenic chickens has been attempted using several 
methods, e.g., retrovirus vector (Salter et al., 1986, 
1987; Bosselman et al., 1989ab), sperm vector (Free- 
man and Bumstead, 1987; Gavora et al., 1991; Rott- 
mann et al., 1992), and direct microinjection (Sang and 
Perry, 1989; Perry et al., 1991; Naito et al., 1991a 
1994; Love et al., 1994),-these methods can only insert 
exogenous DNA into the host genom^Tt^rathod us- 
ing germline chimeras produced by transfer of PGCs or 
their progenitors can employ homologous %combina- ^ 
tiqn^CapeccM^ 

within the genome. Germline chimeras have been pro- 
duced by transfer of blastodermal cells (Petitte et al 
1990, 1993; Brazolot et al., 1991; Naito et al., 1991b 
1992; Watanabe et al., 1992; Carsience et al., 1993), but 
manipulation of PGCs contributes directly to the germ- 
line transmission. Various attempts have been made to 
produce germline chimeras by transfer of PGCs col- 
lected from germinal crescents (Reynaud, 1976- Went- 
worth et al., 1989; Vick et al., 1993ab) or embryonic 
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?^T£2S-wS^S- and Hamilton, 1951) 
by Ficol *^a^ j (199 3b) succeeded in producing 

SeTmbryonic blood into the — 1 sinuses 

w~, rtC PViirks derived from the donor POCs, juagea 

from donor PGCs, it is necessary to eliminate endoge- 
1™ S from recipient embryos and to increase the 
K.r«f PGCs for transfer. We have developed an 
£d£ t generating germlin* , chimeric 

Sens 4h a high transmission rf <don^cV 
rived eametes produced by transfer of PGCs isolatea 
Som ^embryonic blood. These chimeric chickens 
can transmit genetically manipulated PGCs, prepared 
in vitro, to the germhne. 

MATERIALS AND METHODS 
Fertilized eggs of White Leghorns (WL) and Barred 
Pi^uth^RocS (BPR) were obtained from the genetic 

National InStitUt f 6 ° f Amm n a 
Industry WL are homozygous dominant for pxgment 

0/D. and BPR are bo^^«3 

for the same locus (i/i). Transfer of ^XhicSns 
out from WL to BPR, and vice versa. The WL chickens 
Scted with BPR PGCs at the embryonic stage and the 
injecieu wi"i ^ pr,Pq are referred to 

BPR chickens injected with WL FOUs are re 
here as WL(BPR) and BPR(WL), respectively. 



Counting Number of PGCs in the Bloodstream 

The number of PGCs in the bloodstream was counted 

as follows Blood (5 .1) "^^^JggZ 
(Hamburger and Hamilton, 1951) of WL and BPK wis 
SStl loO & and fixed with 3.7% formaldehyde 
dissolved in phosphate-buffered saline. The samples (7 
llT 12) were placed on a glass cell culture slide and 
ctered S 0 05% celloidin dissolved in ethanol 
coverea w wgre then staine d 

'SofcShl^AS. (Meye, 1964, and PGCs 
(PAS-positive) were counted. 

Preparation of Donor PGCs 
Fertilized eggs were incubated at 3S«C and 60% rela- 
live humidity in a forced air incubator CP 00S. Showa 
Incubator Laboratory, Saitama, Japan) for ~ 53 hours 
to obtain embryos at stages 13-15 (Hamburger and 
Hamilton. 1951), when most PGCs circulate in the 



bloodstream (Singh and Meyer, 1967; Nakamur a e*aL 
1988). Embryonic blood was collected from the dprsal 
aorta with fine glass micropipettes, which were made 
bv nulUng siliconized microcapillary tubing (inner di- 
Si Smm, outer diameter 0£ ^Dnjm- 
a\ TVio tin* were beveled down (25 ) to an outer 

£5 m rao *fied Hanks' solution supplemented 
S 7o% fetal bovine serum <c^*£*£fc 
1992),PGCs were then concentrated Mg-g 
orfldient centrifugation (Yasuda et al., 19W). meceiib 
SSS from the PGC-rich fraction (the puntyof 
PGCsSthis fraction was -60%; Fig. 1) were dispersed 
S Ranks' solution and placed in a plastic dish 
(Falcon). 

Preparation of Recipient Embryos 
Recipient embryos were cultured in host eggshells to 
enable more precise manipulation. Fertilized eggs for 
redprenTembryos were broken and the embryos (yolks) 
SSTSStoSd to small recipient eggshelb, prepared 

Tom freshly laid eggs by f^^Hbt^ 
the shell (33 mm in diameter of hoU) ™e sheUs were 
filled with thin albumen collected fr§m freshly lam 
ggf availed with cling film 

and elastic bands (Perry, 1988; Naito et al., 1990). Ihe 
reconstituted eggs (recipient embryos) were incubated 
S STC for -53 hours with rocking through an ang e of 
90" ,n every 5 minutes. When the embryo reached stage 
\Vl5 (Hamburger and Hamilton, 1951), as observed 
through the aperture of the reconstituted egg, the plas- 
tic rings and cling film were taken off the reconstituted 
eg Tan? the blood* was drawn as much as possibly £0 
plffrom the dorsal aortaof the e^J. 6 ^^ 
fine glass micropipette (-50 urn outer diameter). The 
egg wasthen resiled with clingfilm and plastic £ings 
Xr adding a -fi^£^£^£ 
»-SS2^ Recipient embryos 
from which blood was not drawn were also prepared as 
for the reconstituted eggs, but for WL only. 



Injection of PGCs Into Recipient Embryos 
PGCs were readily distinguishable from blood cells 
by tSefr remarkably'large size and the presence o co* 
Sderable numbers of refractive granules (lipids) m the 
yt pt m as observed using phase contrast m^scopy 
(Fujimoto et al., 1976). Approximately 20 PGCs ™ 
picked up by a fine glass micropipette <7«W 
diameter) from the collected cells in the plasti : Jan i 
dispersed in up to 1 cHanks' solution. £OC£* 
injected into the bloodstream through the dorsal 
of recipient embryos, which were exposed by teKing 
the cling film and plastic rings from the recons t 
egg. The manipulated embryos ^^^haUh- 
to large recipient eggshells and incubated until ha 
ing (Rowlett and Simkiss, 1987; Perry, 1988, N 
etal.,1990). 
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Fig. 1. PGCs collected from chick embryonic blood. Blood of stages 15-15 embryos was collected an4 
PGCs (large cells with eccentrically placed nucleus and a considerable amount of lipids in the cytoplasm) 
were concentrated by Ficoll density gradient centrifugation. Small round cells are erythrocytes. Bar = 20 
jxm. 



Frequency of Germline Transmission 
of Donor PGCs 
WL(BPR) and BPR(WL) that survived to sexual ma- 
turity were mated with BPR by artificial insemination 
and the i . i her color of their offspring was examined. 
Hluck offspring (i/i) indicated that the offspring was 
derived from the donor PGC (BPR) when the parent 
was WL(BPR), and white offspring with small patches 
of black pigmentation (I/i) indicated that the offspring 
was derived from the donor PGC (WL) when the parent 
was BPR(WL). Sex of all the donor-derived offspring 
was determined by checking for the presence of testes 
or ovarii father color and sex of the unhatched em- 
bryus weiv also determined, when possible, and in- 
cluded in the data. Some black offspring (BPR) derived 
from the donor PGCs were raised and examined to de- 
fcrminc whether or not thev had normal reproductive 
Performance. 

RESULTS 
Numbers of PGCs in Bloodstream 

nuii.!,.rs of PGCs in 1 ul blood of stage 15 em- 
JJJ" < Hamburger and Hamilton, 1951) were 

*nd wp'n 45A ± 10 * 7 (mean ± S ' d -> n = 1 °) in WL 
1 respectively, and it was significantly 



U -Ul, F-test) different between the two breeds 

Survival and Hatching Rates 
^ of Manipulated Embryos 

^Tnar M ° 0d imection of PGCs through the 
4 a ° rl;i • '"^ipient embryos could be carried out 



without hemorrhage. Survival and hatching rates of 
the chick embryos following injection of the PGCs into 
the embryonic bloodstream are shown in Table 1. The 
survival rates of the embryos from which blood was 
drawn prior to the PGC injection for both WL and BPR 
decreased mostly between 18 to 21 days compared with 
those of control embryos cultured in the same way. The 
rate of hatching showed only a slight decrease for ma- 
nipulated embryos, suggesting that drawing the blood 
from the dorsal aorta of recipient embryos prior to PGC 
injection did not seriously affect embryonic develop- 
ment. The control embryos as well as manipulated em- 
bryos were transferred into large recipient eggshells at 
-day 2.5 of incubation and the rate of hatching (-30%) 
was somewhat lower than when embryos were trans- 
ferred at day 3 of incubation (-50%; Naito et al., 1990). 

Germline Chimerism Obtained From 
Progeny Test 

When WL PGCs were transferred to BPR recipients, 
male and female BPR(WL) tested were all germline 
chimeras (Table 2). The average frequency of germline 
transmission of donor PGCs was 81% in three male 
BPR(WL) (W-8226 is shown in Fig. 2) and 96% in one 
female BPR(WL). When BPR PGCs were transferred to 
WL recipients, 10 male and 5 female WL(BPR) tested 
were germline chimeras and one female WL(BPR) was 
not (Tables 3, 4). When the blood was drawn from the 
recipient embryos prior to the PGC injection, the aver- 
age frequency of germline transmission of donor PGCs 
was 23% in six male WL(BPR) and 6% in four female 
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TABLE 1. Survival and Hatching Rates of Chick Embryos Following Injection of 
PGCs Into the Embryonic Bloodstream 



Number of embryos Number (%) of embryos surviving on days' Hatch 



Embryos 


manipulated 


3 


7 


14 


18 


21 


(%) 


BPR(WL) b 


39 


39 


36 


32 


25 


11 


11 






(100.0) 


(92.3) 


(82.1) 


(64.1) 


(28.2) 


(28.2) 


BPR d 


22 


22 


19 


16 


11 


7 


7 






(100.0) 


(86.4) 


(72.7) 


(50.0) 


(31.8) 


(31.8) 


WL(BPR) b 


78 


78 


67 


61 


43 


15 


14 






(100.0) 


(85.9) 


(78.2) 


(55.1) 


(19.2) 


(17.9) 


WL(BPR) C 


28 


28 


19 


18 


15 


7 


7 






(100.0) 


(67.9) 


(64.3) 


(53.6) 


(25.0) 


(25.0) 


WL d 


100 


100 


95 


82 


62 


34 


30 






(100.0) 


(95.0) 


(82.0) 


(62.0) 


(34.0) 


(30.0) 



a Days of incubation. 

b Blood was drawn from the recipient embryos prior to PGC injection. 
°PGCs were injected into the intact embryos. 
Control embryos were cultured in recipient eggshells. 

Donor embryos from which PGCs were collected are shown in parentheses. WL: White 
Leghorn, BPR: Barred Plymouth Rock. 



TABLE 2. Progeny Test of Germline Chimeras Produced by Transfer of PGCs 

From WL to BPR 





No. 


Test 
period 
(weeks) 


No. of 
chicks 
hatched 


No. of 
white 
chicks 


No. of 
black 
chicks 


White 
chicks 
(%) 


Sex ratio of 
white chicks 3 
(<J:9) 




W-8224 


9 


70 


57 


13 


81.4 


26:29 


Maie b 


W-8226 


68 


820 


631 


189 


77.3 


313:293 




W-8229 


8 


68 


57 


11 


83.8 


24:32 


Female 6 


W-8231 


64 


239 


229 


10 


95.8 


118:98 



°Unhatched embryos whose sex was unknown are excluded. 

b Blood was drawn from the recipient embryos prior to PGC injection. 



WL(BPR) (Table 3). When PGCs were injected into the 
intact recipient embryos, the average frequency of germ- 
line transmission of donor PGCs was 14% in four male 
WL(BPR) and 62% in one female WL(BPR) (Table 4). 

The average percentage of donor-derived offspring 
for male BPR(WL) (81%) for which blood was drawn 
from the recipient embryos prior to the PGC injection 
was significantly (P < 0.01, x 2 test) higher than that 
for male WL(BPR) (23%) for which manipulation was 
conducted in the same way (Tables 2, 3). Also, the aver- 
age percentage of donor-derived offspring for male 
WL(BPR) (23%) for which blood was drawn from the 
recipient embryos prior to the PGC injection was signif- 
icantly (P < 0.01) higher than that for male WL(BPR) 
(14%) for which PGCs were injected into the intact re- 
cipient embryos (Tables 3,4). Comparing the male and 
female chimeras, the average percentage of donor-de- 
rived offspring for male WL(BPR) (23%) was signifi- 
cantly {P < 0.01) higher than that for female WL(BPR) 
(6%) (Table 3). But in the female WL(BPR), W-8243, 
and the female BPR(WL), W-8231, more than half of 
the offspring were derived from the donor PGCs. 

Offspring (BPR) derived from the donor PGCs 
reached maturity and 92.3% (84/91) for both fertility 
and hatchability were obtained. 



Changes in Frequency of Donor-Derived 
Offspring 

Changes in the frequency of donor-derived offspring 
produced by BPR(WL) and WL(BPR) with increasing 
age, estimated in 4-week periods, are shown in Table 5 
(male) and Table 6 (female). In most of the BPR(WL) 
and WL(BPR) no apparent change was observed in the 
frequency of donor-derived offspring throughout the 
test period (a maximum of 68 weeks), whereas the fre- 
quency gradually increased significantly in one female 
WL(BPR) and gradually decreased significantly in 
four male WL(BPR) (Tables 5, 6; regression analysis). 

Male-to-Female Ratio of Donor-Derived 
Offspring 

The ratio of male.female offspring derived from donor 
PGCs for male BPR(WL) and male WL(BPR) was 743: 
737 and was 218:221 for female BPR(WL) and female 
WL(BPR). These ratios are not significantly different 
(X 2 test) from 1:1. 

DISCUSSION 
In this study we report the production of germline 
chimeras by transfer of PGCs at a very high efficiency 
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Fig. 2. Germline chimeric chicken (male, W-8226) produced by transfer of approximately 200 WL 
PGCs into BPR recipient embryo from which blood (6 had been drawn prior to the injection. This 
chimeric chicken produced 631 donor-derived offspring during a 68-week test period by mating with thr^ 
BPR females. The extent of germline transmission of donor PGCs (WL) was 77.3% (Tables 2, 5). 



TABLE 3. Progeny Test of Germline Chimeras Produced by Transfer of PGCs 

from BPR to WL 





No. 


Test 
period 
(weeks) 


No. of 
chicks 
hatched 


No. of 
white 
chicks 


No. of 
black 
chicks 


Black 
chicks 
(%) 


Sex ratio of 
black chicks* 

(cT:9) 




W-8237 


25 


255 


205 


50 


19.6 


22:24 




W-8238 


16 


180 


125 


55 


30.6 


24:24 


Male b 


W-8240 


42 


376 


296 


-80 


21.3 


42:35 




W-8245 


56 


644 


346 


298 


46.3 


143:126 




W-8246 


37 


483 


436 


47 


9.7 


22:21 




W-8250 


32 


404 


355 


49 


12.1 


24:23 




W-8236 


49 


268 


268 


0 


0.0 






W-8241 


51 


199 


195 


4 


2.0 


3:1 


Female b 


W-8244 


51 


284 


252 


32 


11.3 


10:22 




W-S24S 


48 


282 


256 


26 


9.2 


11:15 




W-8251 


48 


240 


235 


5 


2.1 


2:3 



a Unhatched embryos whose sex was unknown are excluded. 

b Blood was drawn from the recipient embryos prior to PGC injection. 



of 95% (19/20). In avian species, PGCs circulate tempo- 
rarily in the developing bloodstream, and this unique 
roig!;-:ory pathway makes PGC transfer simple com- 
pared with that in other species (Nieuwkoop and Suta- 
surya, 1979). PGCs injected into the bloodstream can be 
incorporated into the germinal epithelium within 24 
hours after injection (Yasuda et al., 1992) and give rise 
to viable offspring (Tajima et al., 1993b). Injection of 
PGCs into the terminal sinus of the recipient embryo 
an d the insertion of bubbles to prevent hemorrhages 
(Yasufia et al., 1992; Tajima et al., 1993b) requires a 
highly refined technique. The method of injecting 



PGCs into the dorsal aorta of recipient embryos that is 
reported here is simple to perform with no treatment 
needed to prevent hemorrhages, yet results in the effi- 
cient production of germline chimeras with high rates 
of transmission of donor-derived gametes. 

The frequency of germline transmission of donor 
PGCs reported in this study was significantly different 
between male BPR (WL) and male WL(BPR). When WL 
PGCs were transferred into BPR recipients, most of the 
offspring obtained from male BPR(WL) were d rived 
from the donor PGCs with an average frequency (81%) 
-3.5 times higher than for the opposite combination 
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TABLE 4 Progeny Test of Germline Chimeras Produced by Transfer of PGCs 
lAbLt,4. rrog y From BPR to WL (intact embryos) 



No. 



Test 
period 
(weeks) 



No. of 
chicks 
hatched 



No. of 
white 
chicks 



Male b 



Female b 



W-8233 
W-8234 
W-8239 
W-8249 

W-8243 



50 
50 
42 
32 

49 



588 
508 
308 
307 

260 



502 
429 
248 
290 

98 



No. of 
black 
chicks 


Black 
chicks 
(%) 


Sex ratio of 
black chicks 3 
(6:9) 


86 


14.6 


35:48 


79 


15.6 


36:40 


60 


19.5 


27:30 


17 


5.5 


5:12 


162 


62.3 


74:82 



•Unhatched embryos whose sex was unknown are excluded. 
b PGCs were injected into the intact embryos. 



(male WL(BPR); 23%). The number of PGCs in the 
bloodstream of stage 15 embryos (Hamburger and 
Hamilton, 1951) was -1.7 times higher in BPR com- 
pared with that in WL, suggesting that drawing blood 
from recipient embryos prior to PGC injection might be 
more effective for BPR than for WL. Perhaps the appar- 
ent dominance of WL over BPR in the competition of 
germ cell proliferation in the recipient gonads reflects 
the difference in the egg laying performance between 
WL and BPR. Further studies are required, however, 
on the difference in frequency of germline transmission 
of donor PGCs for BPR(WL) and WL(BPR). 

Removing the blood from the recipient embryos prior 
to PGC injection enhanced the frequency °f donor-de- 
rived offspring from 14 to 23% for male WL(BPR). Sev- 
eral methods have been attempted to eliminate or re- 
duce endogenous PGCs of recipient embryos: 
ultraviolet irradiation (Reynaud, 1976; Aige-Gil and 
Simkiss, 1991a), laser irradiation (Mimsand McKin- 
nell 1971), application of busulfan (Eige-Gil and 
Simkiss, 1991b; Hallett and Wentworth, 1991; Vick 
et al 1993b), application of concanavahn A (Al- 1 ham 
and Simkiss, 1991), excision of germinal crescent re- 
gion (McCarrey and Abbott, 1982). But these methods 
also affect embryonic development and donor FUOs 
Carsience et al. (1993) impaired the development oj 
recipient embryos (stage-X blastoderms; Eyal-Giladi 
and Kochav, 1976) by exposure to y radiation prior to 
the injection of blastodermal cells. The frequency of 
germline transmission of the donor blastodermal cells 
in the germline chimeras was 1.3-100% (median rate 
was 5.8%), whereas it was <0.4% when the recipient 
embryos were not irradiated (Carsience et al., 199d; 
Petitte et al., 1990, 1993). Removing blood from the 
dorsal aorta of recipient embryos prior to PGC injec- 
tion, as reported here, seems to be the most effective of 
the presently applicable methods for the production of 
germline chimeras, since it is simple to perform and has 
less impact on embryonic development. If embryonic 
blood could be completely removed from recipient em- 
bryos at the peak of PGC circulation in the blood- 
stream, the frequency of germline transmission of do- 
nor PGCs could be further enhanced. 

Increasing, decreasing, and unchanged frequencies 
of donor-derived offspring from germline chimeras 
were observed with increasing age. Similar tendencies 



were observed for WL and Rhode Island Red (RIR) re- 
ciprocal produced by Tajima et al. (1993b). These pat- 
terns did not relate to the initial level of production of 
donor-derived offspring or whether or not blood was 
removed prior to the PGC injection. In the four male 
WL(BPR) showing the decreasing pattern of production 
of donor-derived offspring, the percentage of BPR 
sperms might have decreased with increasing age be- 
cause the activity of BPR spermatogonia was different 
from that of WL spermatogonia. 

The frequency of donor-derived offspring of male 
WL(BPR) was much higher than of female WUBPK), 
although it was unexpectedly high in W-8243, a female 
WL(BPR) The same tendency was observed in the germ- 
line chimeras produced by blastodermal cell transfer 
from BPR to WL (Carsience et al., 1993). However, this 
sex difference was not obvious in the germline chime- 
ras WL(RIR) and RIR(WL) (Tajima et al., 1993b). In 
the' present experiment the donor PGCs were a mixed 
population of cells bearing ZZ and ZW chromosomes. If 
PGCs bearing ZZ chromosomes injected into female re- 
cipients can give rise to viable offspring, the expected 
male to female ratio of offspring is 3:1, and if PGOs 
bearing ZW chromosomes injected into male recipients 
can give rise to viable offspring, the expected male to 
female ratio of offspring is 3:4. The results of the 
present experiment show that the male-to-female ratio 
of donor-derived offspring produced by both male and 
" female chimeras did not deviate significantly from 1:1. 
This equal ratio of male and female offspring from the 
male and female chimeras suggests that the donor 
PGCs that have different sex from the recipient em- 
bryos could not differentiate into functional gametes 
Therefore, donor PGCs bearing ZW chromosomes could 
not differentiate into functional sperms with W chro- 
mosome in male chimeras. Shaw et al. (1992) reported 
that female cells were usually excluded from adult 
male chimeras produced by blastodermal cell transfer 
Thus the cause of this difference in the frequency of 
donor-derived offspring in male and female chimeras is 
unknown, and further studies are required to clarity 

this issue. f 

Germline chimeras are potentially very useful toi 
avian embryo manipulation, especially for gene trans- 
fer Although direct microinjection of exogenous UNA 
into the germinal disc of fertilized chick ova has become 
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TABLE 6. Changes in Percentage of Donor-Derived Offspring Produced by 
Female BPR(WL) and WL(BPR) 



4 -week 
period 


BPR(WL) 3 






WL(BPR) 8 






WL(BrK) 


W-8231 


W-8236 


W-8241 


W-8244 


W-8248 


W-8251 


W-8249 


1 


78.6 


0.0 


0.0 


0.0 


4.0 


n n 


A1 ft 


2 


100.0 


0.0 


0.0 


4.0 




o.o 


ou.u 


3 


94.7 


0.0 


0.0 


Q ft 

o.U 


11.1 


u.u 


fin 7 




ion n 


0 0 


4.3 


11.1 


16.0 


4.0 


69.2 


5 




0.0 


0.Q 


5.0 


11.5 


7.7 


76.2 


6 




0.0 


4.8 


0.0 


8.0 


0.0 


55.6 


7 


100.0 


0.0 


0.0 


16.0 


3.7 


0.0 


60.0 


8 


95.0 


0.0 


0.0 


3.8 


4.8 


0.0 


54.5 


9 


100.0 


0.0 


0.0 


15.0 


8.3 


0.0 


89.5 


10 


95.2 


0.0 


12.5 


9.5 


4.3 


0.0 


66.7 


11 


95.0 


0.0 


0.0 


29.2 


4.2 


5.3 


71.4 


12 


87.5 


0.0 


0.0 


20.8 


15.0 


0.0 


50.0 


13 


100.0 




0.0 


21.4 








14 


88.2 














15 


100.0 














16 


100.0 














b c 


0.29 


0.00 


0.11 


1.74** 


-0.55 


-0.16 


1.20 



a BIood was drawn from the recipient embryos prior to PGC injection. Donor embryos from 
which PGCs were collected are shown in parentheses. 
b PGCs were injected into the intact embryos. 

c Regression coefficient of the percentage of donor-derived offspring during the 4- week period 
(**P<0.01). 



possible recently (Love et al., 1994), the efficiency of 
introduction of exogenous DNA into somatic and germ 
cells of chickens is low (0.76%; Naito et al., 1994). 
Transgenic chickens can be produced from germline 
chimeras produced by transfer of PGCs transfected 
with retrovirus vectors (Vick et al., 1993). In the germ- 
line chimeras produced by injecting WL PGCs into BPR 
recipients, reported here, the average frequency of germ- 
line transmission of the donor PGCs in male and female 
BPR(WL) was 85%. By combining this technique with 
efficient transfection of PGCs, transgenic chickens can 
be produced very efficiently. Moreover, specific gene 
targeting may be possible by selection in vitro for the 
desired recombinant using cultured PGCs, allowing 
molecular approaches to be applied to understanding 
various biological phenomena in avian species. Also, 
cryopreservation of PGCs can be applied to preserve 
genetic material, and we have obtained successful re- 
sults in this area (Naito et al., unpublished results). 
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